ABSTRACT.-Originally proposed by J. T. Emlen in 1977, plot mapping combines the accuracy of territory or "spot" mapping with the efficiency of transect or plot count techniques. This method can be used to estimate densities of animal species that advertise their presence on mutually-exclusive territories. Plot mapping can be used with transects or sample plots, with fixed boundaries or speciesspecific variable boundaries. It is especially well-suited for censusing breeding songbird communities. For each species, a probability of detection is estimated and subsequently used to adjust song counts to territories present. The variance of the density estimate provides a measure of its precision.
Estimating densities of territories of breeding birds based on counts of singing individuals is confounded by sources of error that may be grouped into two categories: (1) unknown rates of sound attenuation with increasing distance from the observer, and (2) unknown and varying rates of singing by the bird. Methods that have been proposed for dealing with the first type of error (Emlen 197 1, Bumham et al. 1980, etc.) involve mathematical relationships between sound attenuation and distance for variable-width transects and variable-radius circular plots. The problem can be circumvented, however, by choosing a strip transect width (or circular plot radius) small enough that the probability of detecting a singing bird is always equal to one. Such narrow fixed-width strips and fixed-radius circular plots require only that the observer determine whether or not the detected bird is within the sample area.
Emlen (1977) has been the only one to address the second source of error: birds do not sing all the time. The probability of detecting a territorial bird even nearby is not equal to one if the bird is silent and inactive; in some habitats, in fact, that probability may be zero. Any methodology that fails to account for undetected territories will consistently underestimate densities.
Emlen (1977) proposed a simple intuitive method for estimating territory densities from song detections, which entailed calculating an instantaneous sound detection frequency and then using it to adjust the density estimate for territories that were not detected. The method is applicable to both variable-and fixed-distance survey techniques. Surprisingly, Emlen' s method has received little attention from field researchers and apparently even less from theoretical biometricians. In a recent symposium devoted entirely to counting birds (Ralph and Scott 198 l), few participants acknowledged Emlen' s (1977) technique for dealing with nondetected birds at short distances, and only one (Tilghman and Rusch 198 1:202) reported ever having used the method. My purpose here is to describe an expansion of Emlen' s technique, report on its application, and encourage its use and evaluation in the field.
I have tried to quantify density of territories rather than density of individual birds because (1) density of territories probably depends upon habitat quality (which is often what one wishes to study), (2) density of territories is probably constant throughout a breeding season in spite of mortality, as the frequently observed, almost immediate reoccupation of abandoned territories seems to suggest, and (3) some territorial pairs may have helpers, confusing the numerical relationship between singing males and individuals.
THE THEORY
A male songbird' s frequency (cues per unit time) of singing depends on the species, its population density, the time of day, the stage in the breeding season, the habitat, and individual variation in behavior. The probability that such a bird will be detected by its song depends on how often the bird is on its territory, the frequency of singing, the length of time the observer is within potential detection distance, and observer sensitivity. All of these factors contribute to an actual, observed frequency of detection that will seldom be equal to one (Emlen 1977; Diehl 198 1; Emlen, pers. comm.). However, if a transect or circular plot were censused x times and a singing bird detected in approximately the same location y times, we could assume that this was the same individual on his territory and the frequency of detection was y/x. The fraction thus derived simultaneously describes the biological components of singing frequency and the human components of song detection. Suppose that a strip transect were traversed 10 times, and inspection of the composite plot map revealed three clusters of Carolina Wren (Thryothorus ludovicimms) song detections, one consisting of 4, one of 5, and a cluster of 6 song detections. The mean frequency of detections (=proba-bility of detection) would be therefore 5110. At this time and place, Carolina Wrens would have been detected by song 5/ 10 of the time.
The empirically derived, instantaneous frequency of detection is species-, space-, time-, and even individual-specific. Nevertheless, the mean of several individual frequencies of detection (i.e., the probability of detection) calculated for a single species at one place and time could be used to adjust detected songs at that place and time to actual territories present.
The density of territories is estimated by dividing the probability of detection into the mean number of detections per replicate within the sample area as defined by the pre-determined fixed distance or the species-specific variable distance. All detections within a presumed territory must be used to calculate the frequency of detection, even if some lie outside the fixed boundaries (when applicable) of the sample plot. On the other hand, territories that are suspected of extending beyond the observer' s range of detection should not be used in the calculation of the probability of detection because such P(d)s will be too low if the observer fails to hear a bird singing on the most distant part of its territory. Of course the mean number of detections per replicate will always include only those detections from within the sample plot of known area.
Because they are both means, the probability of detection (P(d)) and the mean number of detections per replicate (d) may have measures of precision associated with them. Although it is rarely done, I believe it would be desirable to express density estimates with a variance or standard deviation that would serve as an index of the precision of the density estimate. Unfortunately, estimating a measure of precision for the ratio of two means requires a knowledge of their covariance, and estimating the covariance for non-paired samples is not possible. This problem can be avoided, however, by first using multiple sample plots and calculating the mean number of detections per replicate on one plot and then dividing that value by the probability of detection estimated from the remaining sample plots. Density estimates for each of the sample plots are then calculated with the d of that plot and a P ( Moving at about 1 km per hour (the actual speed of traverse is not important, but it must not vary between replicates, lest the observer remain within detection distances for varying lengths of time), I recorded the approximate position of singing birds relative to the center line. Although I seldom actually saw a singing bird, I was usually able to determine the tree or bush where it was perched. I recorded the species, the position along the transect, and the estimated perpendicular distance to the bird from the transect center line. I also recorded visual sightings, call notes, and simultaneous singing by two or more individuals of the same species. I noted all birds detected even if they were beyond the 50 m fixed width. It took 25 to 35 min to walk a transect and each was repeated 6 to 10 times over as brief a period as possible, the complete survey of a single transect never requiring more than five days. Each species was plotted on a separate strip of graph paper (scale 1: 1950) for each transect with all traversals on the same strip.
Plot maps for the Acadian Flycatcher (Empidonax virescens) on transects WA-29 and WA-30 are provided as an example (Fig. 1) . Three distinct clusters of song registrations are evident on WA-29 and two clusters on WA-30. I assumed each of these to represent a single territory with observed frequencies of detection of 6/l, 5/l, 6/l, 4/l, and 6/l. Registrations B, C, D, and G near 300 on WA-29 might have been considered a cluster, but because of ambiguous interpretation (should A be included?), I chose not to include this cluster. Interpretation of the group of registration points at the bottom of WA-30 also proved to be difficult, and so no territories were recognized there. Nevertheless, five clearly-defined territories were available for the calculation of the probability of detection. The mean of the five frequencies of detection is the probability of detection: The most serious problem with the plot mapping is the potential to overestimate the probability of detection if sparse clusters are not recognized as clusters. A territorial bird that was detected only once in seven traversals would not be recognized as a cluster, and the actual observed frequency of detection of l/7 would therefore not be included in the calculation of P(d). Although the bias is always upward and the tendency therefore to underestimate densities, methods which wrongly assume a P(d) equal to one at plot center will always underestimate densities by an even greater amount. Of course a territorial bird that never sings during any of the traversals will always be overlooked by any aural method.
Because frequency of singing varies with so many biological and environmental factors, probabilities of detection may not have general applicability and should probably be recalculated for each species, place, and time (but see Emlen and DeJong 198 1). Nevertheless, if these variables are held as constant as possible, the variation in detection frequencies (and the variance of P(d)) should be minimized.
Despite its shortcomings, the spot mapping method is considered by most researchers to be the best tool available for estimating breeding bird densities (Robbins 1978). Used by itself, spot mapping is time-consuming whereas simple transect or circular plot surveys are not very accurate. Plot mapping, described here, attempts to combine the efficiency of transect or circular plot techniques with the accuracy of spot mapping.
Introduction to the theory of statistics. 3rd ed. McGraw-Hill, New York.  OELKE, H. 198 1. Limitations of the mapping method, p. 114-118. In C. J. Ralph and J. M. The African continent faces seemingly insurmountable overpopulation problems with disastrous consequences for both mammals and birds as habitats disappear in the everspreading demand for more food for ever more humans. The effects on raptors are often complex, as shown in Steyn' s accounts of the Cape Vulture (which needs hyenas) and the Bateleur. The big-game parks are now the principal habitat of many raptors, and perhaps South Africa' s parks may be more stable than those in East Africa. The Bateleur is still "common" in the Kruger, and long may it fly! A number of impressive raptors, still inhabit southern Africa, some still frequent and others rare. It is good to have such readable up-to-date accounts of the Lammergeyer, Bateleur, Gymnogene, Bat Hawk, Secretary Bird, Palm-nut Vulture and the great eagles, although these last are better portrayed in Steyn' s earlier Eagle Days. In writing this book, Peter Steyn says that he has written the kind of book he would like to have had when he started out to study raptors several decades ago. I think raptorphiles will agree he has accomplished his mission and with distinction. Color plates, photographs, line sketches, and range maps.-Walter R. Spofford.
